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What affects detectability of

changes in hydrology?

Interannual/decadal variability
Trend/Shift magnitude
Confidence Level
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— at what probability of erroneously detecting a \,_‘? e PR

change are we willing to take action?
Variable of interest
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Character of basin (e.g. water- vs. energy- ¢

limited, show dominated) -
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What Climate Changes Have \We Seen In
California?

Annual T Increase
over 50 years of 1°F

Exceeds natural
variability (at 90%)

Larger warming-in
Spring and Winter

Generally ihéignifi cant
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Hydrologic Impacts of late 201" Century
Changes

Trends In precip and
winter snow fall shown

Reduced snow Is response
to warming during winter
wet days (0-3°C)

Trends in stream flow
timing shift of 1-3 weeks &€t "1
earlier over the past ~50 = T | T
years -.-:;' Ve o .
-
Timing shift domlnateg( .", S
changes in snowmeigt: ? odfepbains
- { 0 5-10d earlier
O <5d
(0 5-10d later
©10-15d later +0°

@ 15-20d later
@ > 20d later




What Climate Changes Are Projected?

CA average annual
temperatures for 3
30-year periods

Amount of warming
depends on our GHG

emissions at end of 21st

century.

Summer temperatures
increases (end of 21st
century) vary widely:
— Lower: 3.5-6°F "
— Higher: 6-10.5 °F

e R o
No model consensus:
precipitation —

Ref: Luers et al., 2006, CE
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Projected Impacts: L.oss of Snow

Snow water In reserve on April 1

Change (Sacramento-San Joaqum basm)
-12% to -42% (for 2035-2064)8" -
-32% to -79% (for 2070 20693 c '

Decreasing California Snowpack

Historical Average (1961-1990) 2070-2099
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Projected CT Shifts at reservoir inflows -
from 22 GCM- runs

Projected Changes in Timing Relative to 1961-1990 (from Maurer, 2007)
ACT under Mid-High Emissions (A2), days ACT under Low Emissions (B1), days
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Attribution of streamflow timing changes

Can these past (or projected ful;ure) CT
shifts be attributed to exte[nanOrC|ng (like
GHG Iincreases)? ASNATES

When (or at what temp mcrease) mlght
they7 3 .

vulnerable (w‘ ,7
enhanced)?: P ,A




Determining Natural Variability
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Similar to method used by ANNUAL
Cayan et al., 2006 for past INTER

seasonal temperature SUMMER
changes & AL

Use long GCM control run to &
estimate internal (non- forced)

variability

GCM Preparatlon

Bias correctusing 2,9‘1‘
century. S|mulat|on
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50-Year Trend Distributions

Cumulative distribution
functions for CT trend
(days/50 years) for PCM
control run.

Q10 is the shift to earlier in
the year only exceeded by
10% of the control trend
segments.

Q10 varies from 17- 19 days
for these sites. = {\;

g B

A 50-year trend inCT wo
need to shn‘t 17 19 days

mean -0.3 mean 0.4
std dev. 15.1 std.dev. 13.7
Q10-18.0 Q10-18.0

Feather R. _ American R.

mean 0.6 mean -0.1
std dev. 13.7 std.dev. 124
Q10-17.0 Q10-19.0

Tuolumne R. , Kings R.
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How big are historic trends at.these four
Sites?

Ve "‘s‘.\Ok’ -4
Tuolumne at

New Don
Pedro Res

Kings R. at
Pine Flat Dam

! Feather Rat American R at
Site Name :
Oroville Folsom Dam

Timing Shift, days +1 e +4 +2
(- indicates earlier)

Much smaller than 17- 19 days eafr;h er - ;
-Basins include rain dominated area . - .z-""*» _—
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Detection of Externally-Forced

Projected CT Shifts at-Key Sites

Projected Changes in Timing Relative to 1961-1990 (from Maurer,.2007)

] ACT under Mid-High Emissions (A2), days ACT under Low Emissions (B1), days
Basin Early 21 Century | Mid 213"Century | End of 225~Century | Early 21 Century | Mid 21° Century | End of 24>"Century
Feather R. -14 -18 -23 -10 —E -17
American R. (19 ) 23 31 17 20 26
Tuolumne R. = -20 33 -10 14 23
Kings R. -9 -21 -36 -8 -16 -24
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Change from snow to rain.dominated

Snow dominated areas are > 1600m

| american
wmhr )

Change to rain domlnated hits 1600— ' ;  —— = —_
2000m areas with 1°C increase .. ~ 41

2400-2800 m reglons affecte&\fv‘lthfﬁ
T>3°C =3
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Regional Responses to Climate Change

RCCI Index quantifies regional response to changes. in
mean and variability of precipitation and temperature

Central America is most prominent troplcal hot spot

Primarily because of projected decrgasmg preC|p|tat|on
and increasing variability 53

CA Is “intermediate”




Hydrologic Impacts — RioL.empa

Highly significant (detectable)
changes before mid-21st century

By 2070-99, Precipitation drops by . &
~5% (B1) to ~10% (A2), high y
confidence before mid- 21St century Y
Rio Lempa reservoir inflows
prorected to drop by 13% (Bl) to

24% (A2) e
Drop in firm hydropower
generation capability may range
from 33% to 53% near th%nd m‘
the 21st century .
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Summary

Most detectable changes in CA will be
temperature-driven

Attribution of hydrological changes WI|| be
possible by mid-21° centwfy

Warming associated with deferent
emissions produces dlstmct futures by
mid-215t century, affectlng detecta |
and attribution &-“1,4; . '

Models of assmgfpvulnera_ S
help with ad "]'-.-.’f8|seWh o P
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